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opening over the sensor element area. A protection layer is
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INTEGRATED CIRCUIT WITH SENSOR AND
METHOD OF MANUFACTURING SUCH AN
INTEGRATED CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority under 35 U.S.C. §119
of European patent application no. 11182122.9, filed on Sep.
21,2011, the contents of which are incorporated by reference
herein.

The present invention relates to an integrated circuit (IC)
package comprising a substrate carrying one or more sensor
elements, and which is connected to bond pads with encap-
sulated leads. The present invention further relates to a
method of manufacturing such an IC package.

Integrated circuits (ICs) can comprise moisture-sensitive
sensors, such as relative humidity (RH) sensors or liquid
immersion detection sensors. Such sensors may be included
in the IC design for a number of reasons.

For instance, such a sensor may be included in the IC to
determine whether a malfunctioning IC that has been
returned, e.g. to its manufacturer, has been damaged by expo-
sure to moisture, e.g. an immersion event. The determination
of such external influences as a cause of malfunction may be
of crucial importance to deciding whether or not the customer
returning the IC or an electronic device including the IC is
entitled to a warranty claim on the device, as misuse such as
the aforementioned immersion event typically invalidates the
warranty.

Alternatively, such a sensor may be part of the functionality
of an IC. There is for instance a trend towards providing
near-field communication ICs such as radio-frequency (RF)
identification (ID) chips with a range of sensors, such as
temperature sensors, ambient light sensors, mechanical shock
sensors, liquid immersion sensors, humidity sensors, CO,
sensors, O, sensors, pH sensors and ethylene sensors, which
for instance may be used to monitor the ambient conditions of
a product tagged with the chip such that product quality
control can be achieved by monitoring the sensor readings of
the chip.

In general, a semiconductor device can be formed as a
package by attaching the die to a lead frame, with bond wires
extending between bond pads of the IC and pads of the lead
frame. These bond wires are then encapsulated in a molding
compound.

A problem arises when the die comprises sensor elements
that must be in contact with the external environment, in that
the encapsulation must not cover these sensors. This results in
a more complicated packaging process and gives rise to vari-
ous processing issues.

Many sensor ICs are formed on a single wafer, and after
sensor formation, the substrate is subjected to grinding to
reduce the thickness of the end product. This takes place
before the individual sensor ICs are diced from the wafer and
then encapsulated. This grinding process can lead to
mechanical damage or contamination of the sensors, particu-
larly as they project above the IC surface.

To form an encapsulation with an open cavity, rubber
inserts during transfer molding are conventionally used. Also
a so called “film assisted molding” can be used. This involves
placing a mold over the IC, which has a central area sur-
rounded by a seal which contacts the top surface of the IC.
This seal is made by applying pressure to the mold, and the
mold is for example coated with a Teflon film. The mold
compound is applied around the outside of the seal, and is not
supposed to penetrate the seal line. However, to provide a
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good seal and prevent molding compound flashing into the
open cavity, a high pressure has to be applied, such as 120 bar.
These mechanical stresses can lead to die breakage, but if the
pressure is reduced mold flashing can be formed in the open
cavity area.

According to the present invention, there is provided an
integrated circuit package, comprising:

an integrated circuit having at least one sensor element in a
sensor element area of the circuit;

a carrier on which the integrated circuit is mounted;

bond wires between the integrated circuit and the carrier;

an encapsulation which covers the bond wires but leaves an
opening over the sensor element area,

wherein a protection layer is provided over the integrated
circuit over which the encapsulation extends, wherein the
protection layer comprises a channel around the sensor ele-
ment area, which lies inside the opening of the encapsulation.

The channel around the sensor element area acts as a trap
for any mold flashing that creeps into the opening area. In this
way, the mold pressure can be relaxed. By providing the
protection layer beneath the encapsulation (rather than only
over the sensor elements), the protection layer also increases
the mechanical strength of the IC. For example, the protection
layer can be applied before substrate grinding and dicing
steps, so that the strength is improved during these steps.

The channel preferably extends fully through the protec-
tion layer and comprises a closed shape surrounding the sen-
sor element area.

The protection layer can cover at least one of the sensor
elements. Each sensor element which is covered by the pro-
tection layer can comprise a protection layer pad over the
sensor element surrounded by a pad channel. This pad chan-
nel provides isolation of individual sensors, so that any con-
tamination suffered by one sensor element is not transmitted
to the other sensor elements through the protection layer. The
pad channel can also extend fully through the protection
layer.

The protection layer can comprise polyimide, and can be
provided over a humidity sensor. The polyimide material
might also act as the moisture sensitive material. It can also be
provided over a light sensor, and can either be transparent to
the light of interest, or it can perform a filtering function.

The sensor elements can comprise ambient light sensors,
humidity sensors among others.

The invention also provides a method of forming an inte-
grated circuit package, comprising:

providing an integrated circuit having at least one sensor
element in a sensor element area at a top surface of the circuit;

mounting the integrated circuit on a carrier;

forming bond wires between the integrated circuit and the
carrier;

forming an encapsulation layer to cover the bond wires but
leave an opening over the sensor element area,

wherein the method comprises forming a protection layer
over the integrated circuit before mounting on the carrier, and
forming a channel in the protection layer around the sensor
element area,

and wherein forming the encapsulation layer comprises
molding the encapsulation layer up to a barrier formed as part
of the mold, with the channel on the inner side of the barrier.

The encapsulation layer molding can be performed by film
assisted molding.

Examples of the invention are described in more detail and
by way of non-limiting examples with reference to the
accompanying drawings, wherein:

FIG. 1 schematically depicts a prior art IC with multiple
sensors in plan view;
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FIG. 2 schematically depicts the IC of FIG. 1 in cross
sectional view and is used to explain the known method to
manufacture the IC;

FIG. 3 is used to explain a known film assisted molding
technique;

FIG. 4 schematically depicts a first example of IC with
multiple sensors in cross sectional view in which the IC has
been strengthened by a continuous protection layer;

FIG. 5 schematically depicts a first example of IC with
multiple sensors of the invention in cross sectional view;

FIG. 6 schematically depicts a second example of IC with
multiple sensors of the invention in cross sectional view; and

FIG. 7 schematically depicts a third example of IC with
multiple sensors of the invention in cross sectional view.

The invention provides an integrated circuit package for an
integrated circuit having at least one sensor eclement in a
sensor element area of the circuit. An encapsulation covers
bond wires but leaves an opening over the sensor element
area. A protection layer is provided over the integrated circuit
over which the encapsulation extends, and it has a channel
around the sensor element area to act as a trap for any encap-
sulation material which has crept into the opening area.

FIG. 1 schematically depicts a prior art IC with multiple
sensors in plan view.

The circuit 10 comprises an encapsulation in the form of a
molding compound 12 which covers interconnects in the
form of bond wires between the integrated circuit and a lead
frame. The lead frame then provides the external connections
to the integrated circuit.

The encapsulation is for example a filled epoxy based
molding compound.

The encapsulation has a central opening 14 so that the
sensors on the top surface of the IC are exposed, and not
covered by the encapsulation. The sensors are in a sensor
element area. They may be at the top surface of the circuit or
embedded within it, but are positioned so that they interact
with the environment property being sensed, for example
light or humidity. The central opening is necessary for sensors
whose performance will be degraded by the presence of the
encapsulation layer. There may be other sensor elements
which do not need to be positioned within the central opening,
so the “sensor element area” is for those sensors which benefit
from not having the encapsulation layer present.

The sensors can for example comprise relative humidity
sensors 16 and ambient light sensors 18, as well as gas sensors
or temperature sensors (not shown) and others.

FIG. 2 schematically depicts the IC of FIG. 1 in cross
sectional view and is used to explain a known method to
manufacture the IC.

The carrier is shown as 20, and the bond wires 21 connect
to the IC 22. The carrier can for example comprise a lead
frame. The cross section of FIG. 2 schematically shows two
relative humidity sensors 16 mounted on the surface of the IC,
and an ambient light sensor 18 which is integrated into the
structure of the IC, for example in the form of a photodiode.

The surface mounted sensors 16 connect to the top metal
layer 23 of the IC, which also forms the IC bond pads, to
which the bond wires 21 connect. The sensors connect to the
top metal layer 23 by vias 24. These vias extend through
passivation layers 25, 26 on top of the IC as well as into the IC
structure to the top metal layer.

The passivation layers 25, 26 form a passivation stack, for
example of Si0, (layer 25) and Si;N,, (layer 26). These layers
define a high density plasma oxide and oxide planarization
layer. Other layer materials may also be contemplated for the
passivation stack such as Ta,Os.
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In the example shown, the encapsulation 12 surrounds the
IC above and below, and the carrier comprises a lead frame
which defines connection points at the underside.

In this example, each humidity sensor 16 is provided with
aprotective cap, formed of a material through which moisture
can pass, such as polyimide. This polyimide layer is removed
from the area above the fully integrated ambient light sensor
18, to allow as much light as possible to reach the ambient
light sensor. However, the typical thickness of the polyimide
layer of around 5 um does allow transmission of light.

FIG. 2 shows a single IC attached to a respective lead
frame. In practice, many ICs will be formed on a wafer.
Before encapsulation, the wafer is subjected to a back side
grinding process to reduce the thickness of the resulting IC,
whereas a thicker substrate is required by wafer handling
equipment during the manufacturing process. FIG. 2 thus
shows the IC after thinning and dicing.

The wafer grinding and dicing processes expose the IC to
harsh mechanical conditions which can result in the IC crack-
ing.

By way of example, each sensor may have dimensions of
the order of 0.1 mmx0.1 mm, and each wafer sensor IC may
have dimensions approximately 2 mmx2 mm. There may be
thousands of sensors on each wafer, with a wafer size of
around 160 mmx200 mm.

FIG. 3 is used to explain a known film assisted molding
technique.

A mold 30 defines a barrier 32 which forms a closed cham-
ber over the sensor element area. The encapsulation material
33 is pressed under the mold from the side. To prevent the
encapsulation material 33 reaching the closed chamber, a
large pressure (for example 120 bar) is applied to the mold so
that a seal is formed, and a heated plunger 34 drives the
encapsulation material 33. The heated plunger can be driven
under a pressure of 60-100 bar. The pressure applied to the
mold needs to be limited to avoid a risk of die breakage, and
this can result in some flashing, represented by arrow 36,
which can influence the sensor performance.

FIG. 4 schematically depicts a first example of IC with
multiple sensors in cross sectional view in which the IC has
been strengthened by a continuous protection layer. This is
one possible approach considered by the applicant.

The protection layer 40 in this example covers the entire
top surface of the IC apart from the bond pad locations. This
provides extra resilience to the wafer grinding stresses and
allows an increase in the pressure that can be applied during
encapsulation molding.

Thelayer 40 can comprise polyimide (as previously used to
cover the individual sensors).

The layer 40 has a typical thickness of 4-5 um.

The polyimide layer can be of the photo-definable type and
can be deposited by spinning and then patterned using stan-
dard lithography. Alternatively it may be formed and pat-
terned by applying another resist and then performing an
extra etching step to make the openings.

While this approach enables increased pressure to be
applied during molding, the invention provides a further
improvement as shown in FIG. 5.

FIG. 5 schematically depicts a first example of IC with
multiple sensors of the invention in cross sectional view.

Compared to the concept in FIG. 4, the protection layer
comprises a channel 42 around the sensor element area 44,
which lies inside the opening 46 of the encapsulation mate-
rial.

This means that any encapsulation material creeping under
the mold barrier 32 (see FIG. 3) can be captured in the channel
42. The light sensor 18 can be covered by the polyimide
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coating 40 as shown. The channel 42 extends fully through
the protection layer and can thus be formed by simple pho-
tolithographic processes.

FIG. 6 schematically depicts a second example of IC with
multiple sensors of the invention in cross sectional view.

Compared to the concept in FIG. 5, the protection layer
comprises a channel 60 around each sensor element which is
covered by the protection layer.

In this way, a protection layer pad 62 is formed over the
sensor element surrounded by a pad channel. The pad channel
60 also can extend fully through the protection layer.

This provides decoupling of the sensor elements, particu-
larly the relative humidity sensors, to avoid any possible
interference and/or drift due to diffusion of moisture or other
contaminants through the polyimide protection layer.

In the example shown in FIG. 6, a central opening 64 is also
provided over the ambient light sensor 18.

FIG. 7 schematically depicts a third example of IC with
multiple sensors of the invention in cross sectional view.

Compared to the concept in FIG. 6, there is no central
opening of the protection layer over the ambient light sensor.
Instead, the protection layer comprises only the main channel
around the sensor element area and the individual channels 60
around respective sensor elements.

The polyimide layer over the light sensor can be used to
perform a filter function, for example it can remove the
UV/blue and IR/red parts of the light spectrum.

The invention thus enables a single protection layer to be
designed to reduce the risk of damage during assembly and to
reduce the adverse effects of any creep of encapsulation mate-
rial into a central cavity area.

The IC structure beneath the protection layer is conven-
tional, and comprises a substrate 10 onto which a metalliza-
tion stack is formed. Such a metallization stack typically
comprises a stack of patterned metal layers electrically insu-
lated from each other by electrically insulating, i.e. dielectric
layers. Metal portions in different metallization layers may be
conductively coupled to each other by means of vias extend-
ing through dielectric layers separating the metal portions
from each other. The substrate may be any suitable substrate
material, e.g. single crystal Si, SiGe, silicon on insulator and
so on, and may carry a plurality of circuit elements such as
transistors, diodes and others.

Equally, the metallization stack may be formed in any
suitable manner, and may contain any suitable number of
metal layers and dielectric layers.

Each metal layer and each dielectric layer may consist of a
number of stacked sub-layers, for instance in a submicron
CMOS process, stacks of Ti, TiN, AlCu, TiN may be used to
define a single metal layer in the metallization stack.

Each of the dielectric layers may also comprise more than
a single layer. For instance, such a dielectric layer may be a
stack comprising FSG (fluorosilicate glass), SiO, and HDP
oxide (High Density Plasma) any other suitable dielectric
material combination. Other suitable materials may also be
used.

Similarly, it will be apparent that the vias may be formed
from more than a single material. For instance, in some
CMOS technologies, a via may be formed by a TiN liner and
a W plug. Other semiconductor processes may use different
materials, e.g. Cu.

Although the described embodiments show the IC package
of the present invention with a multiple environmental sen-
sors, it will be appreciated that the concept can be applied to
a single sensor, or indeed other additional sensors to those
disclosed may be included in the IC design without departing
from the scope of the present invention.
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Polyimide is only one example of possible material to be
used as the protection layer. Another example is BCB, and
other examples will be apparent to those skilled in the art.

The invention has been shown for a semiconductor inte-
grated circuit attached to a lead frame, but the invention can
be applied equally to a package with the circuit attached to
another carrier such as a foil, laminate or ceramic carrier.

The IC of the present invention may be integrated in any
suitable electronic device, e.g. a mobile communication
device such as a mobile phone, personal digital assistant and
s0 on, or may be used as a tag for an article for monitoring
purposes, in which case the IC may be extended with RF
functionality, e.g. an RF transceiver communicatively
coupled to the sensor(s) of the IC.

It should be noted that the above-mentioned embodiments
illustrate rather than limit the invention, and that those skilled
in the art will be able to design many alternative embodiments
without departing from the scope of the appended claims. In
the claims, any reference signs placed between parentheses
shall not be construed as limiting the claim. The word “com-
prising” does not exclude the presence of elements or steps
other than those listed in a claim. The word “a” or “an”
preceding an element does not exclude the presence of a
plurality of such elements.

Various other modifications will be apparent to those
skilled in the art.

The invention claimed is:

1. An integrated circuit package, comprising:

an integrated circuit having at least one sensor element in a

sensor element area of the circuit;

a carrier on which the integrated circuit is mounted;

a plurality of bond wires between the integrated circuit and

the carrier;
an encapsulation which covers the bond wires and which
leaves an opening over the sensor element area,

wherein a protection layer is provided over the integrated
circuit over which the encapsulation extends, wherein
the protection layer comprises a channel around the
sensor element area, which lies inside the opening of the
encapsulation; and

wherein the protection layer directly covers the at least one

sensor element.

2. A package as claimed in claim 1, wherein the channel
extends fully through the protection layer.

3. A package as claimed in claim 1, wherein each said
sensor element which is covered by the protection layer com-
prises a protection layer pad over the sensor element sur-
rounded by a pad channel.

4. A package as claimed in claim 3, wherein the pad chan-
nel extends fully through the protection layer.

5. A package as claimed in claim 1, wherein the protection
layer comprises polyimide.

6. A package as claimed in claim 1, wherein the sensor
element comprises a humidity sensor.

7. A package as claimed in claim 1, wherein the sensor
element comprises an ambient light sensor.

8. A package as claimed in claim 1, wherein the channel
comprises a closed shape surrounding the sensor element
area.

9. A method of forming an integrated circuit package,
comprising:

providing an integrated circuit having at least one sensor

element in a sensor element area of the circuit;
mounting the integrated circuit on a carrier;

forming a plurality of bond wires between the integrated

circuit and the carrier;
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forming an encapsulation layer to cover the bond wires and

leave an opening over the sensor element area;

forming a protection layer over the integrated circuit before

mounting on the carrier; and

forming a channel in the protection layer around the sensor 5

element area,

and wherein the forming of the encapsulation layer com-

prises molding the encapsulation layer up to a barrier
formed as part of a mold, with the channel on an inner
side of the barrier. 10

10. A method as claimed in claim 9, wherein the encapsu-
lation layer molding comprises film assisted molding.

11. A method as claimed in claim 9, further comprising
forming the channel fully through the protection layer.

12. A method as claimed in of claim 9, further comprising 15
covering the sensor element with the protection layer.

13. A method as claimed in claim 12, comprising, for each
sensor element which is covered by the protection layer,
forming a protection layer pad over the sensor element sur-
rounded by a pad channel. 20

14. A method as claimed in of claim 9, wherein the protec-
tion layer comprises polyimide.

#* #* #* #* #*



